change accompanying phosphorylation of Ser'03 occurs at a distant, voltage-sensing, transmembrane region. Our finding that the greatest effect of PDD occurs at small depolarizations indicates that phosphorylation has a physiological function because K' conductance would be reduced at potentials close to rest.
The change in voltage sensitivity associated with phosphorylation strongly suggests that the protein is a channel subunit. This conclusion agrees with the finding that mutations in the hydrophobic domain can alter ion selectivity (9) . Furthermore, the results of our site-directed mutagenesis support a structural model for the IsK protein in which the NH2-terminus is outside the cell, there is a single transmembrane domain, and the COOH-terminus is within the cell (Fig. 1) . Thus, the alteration in the voltage dependence of IsK observed in the mutation at Ser69 is consistent with that residue lying within the membrane, and the effects of the mutation at Ser'03 show that this amino acid must be intracellular.
It remains uncertain which K' currents recorded from mammalian cells result from activation of this molecular species of the K' channel. Sensitivity to phorbol esters may be helpful in the identification of this channel as it occurs in mammalian cells.
used to verify the I.K coding sequence. RNA transcripts encoding TSK were synthesized in vitro from this plasmid and injected into Xenopus oocytes. The methods for injection, maintenance, and recording from oocytes have been described [M. J. Christie, J. P. Adelman, J. Douglass, R. A. North, Science 244, 221 (1989) ]. The superfusing solution used during recordings contained 96 mM NaCI, 2 mM KCI, 1.8 mM CaC12, 1 mM MgCI2, and 5 mM Hepes (pH 7.4; at 200 to 220C). Site-directed mutagenesis was as carried out as described [R. S (7) . After 2 days in vitro (DIV) most ofthe cells had died; however, 15 + 2 cells per plate (n = 4 independent culture preparations; the striata of two adult mice were pooled in each ofthe four experiments) were undergoing cell division (Fig. 1A) . Cell division continued for an additional 2 to 3 DIV (Fig. 1 , B and C), after which the proliferating clusters of cells detached and formed (6 to 8 DIV) a sphere of proliferating cells (Fig. iD) . Cell division and proliferation were not observed in the absence of EGF, nor were they mimicked by bFGF (20 ng/ml), platelet-derived growth factor (20 ng/ml), or NGF (100 ng/ml). In addition, if cells were seeded on a substrate that had been treated with poly-L-ornithine, proliferation was not observed in the presence of EGF. These findings suggest that the presence of both EGF and a nonadhesive substrate is required to initiate cell division of these isolated adult striatal cells.
To assess the antigenic properties of cells within these 6-to 8-DIV spheres, we transferred them to poly-L-ornithine-coated cover slips, allowed them to adhere for 1 hour, and processed them for indirect immunocytochemistry (8) . Virtually all cells in the spheres were immunoreactive for nestin ( Fig. 1 , E and F; n = 8 independent culture (3, 9) . In contrast, cells in the 6-to 8-DIV spheres were not immunoreactive for neurofilament (168 kD), neuron-specific enolase (NSE), and glial fibrillary acidic protein (GFAP) (10) . To determine whether cells within the 6-to 8-DIV spheres could continue to proliferate in secondary cultures, spheres were mechanically dissociated and replated as single cells in the wells of 96-well plates (11) . In the presence of EGF, single cells proliferated and formed new spheres (Fig. 1,   G through J) ; the majority of cells within these secondary spheres were also immunoreactive for nestin (10) . When 200 to 250 of these cells were plated in a 35-mm dish, in the presence of EGF and in the absence of supplementary substrate or adhesion factors, 67 + 4% (n = 3 independent culture preparations) of the cells formed new spheres. As above, if EGF was omitted from the serumfree culture medium, proliferation was not observed. In addition, when EGF was removed from the medium after proliferation had been initiated, no further proliferation was observed. These findings suggest that in vitro conditions may be established for the continual proliferation of undifferentiated cells originally derived from the adult mammalian CNS.
We next examined whether, given a suitable substrate, cells generated from EGFinduced spheres would develop the morphological and antigenic properties of the principal cell types of the CNS. Single 6-to 8-DIV spheres were transferred with micropipettes to poly-L-ornithine-coated glass cover slips (in 12-well plates) and cultured in the continued presence of EGF-containing, serum-free medium ( Fig. 2A) . During the subsequent 21 DIV, cells were observed migrating from the sphere, which continued to proliferate in the presence of EGF (Fig. 2, B through E). After 21 DIV, the proliferating sphere and cells that had migrated from the core were processed for dual-antigen, indirect immunocytochemistry; both GFAP- (Fig. 2F ) and NSE- (Fig. 2G) immunoreactive cells were present. These findings were reproduced in eight independent culture preparations. Incorporation of bromodeoxyuridine (1 pM, applied between 10 and 13 DIV) into NSE-immunoreactive cells (Fig. 3, A cells in four independent culture preparations). The majority of cells not immunoreactive for GFAP or NSE were immunoreactive for nestin (10) .
In EGF-generated cultures, the NSE-immunoreactive cells generally had small, rounded somas with fine processes (Figs. 2, H and I, and 3A). In contrast, GFAPimmunoreactive cells were stellate, with large somas and several thick processes (Fig.  3D) . Cells with rounded soma and long, thin processes also were immunoreactive for neurofilament (168 kD) (Fig. 3C) . To determine whether these cells contained CNS neurotransmitters, we tested for the presence of amino acids, biogenic amines, and neuropeptides with indirect immunocytochemistry. Cells with neuronal morphology that were immunoreactive for y-aminobutyric acid (Fig. 3E ) and substance P (Fig. 3F) were present throughout 21-DIV cultures of spheres and associated cells (n = 3 independent culture preparations); these are two of the major neurotransmitters of the adult striatum in vivo (12) (10) . Taken together, these findings suggest that a population ofembryonic stem cells may survive in the adult brain in a dormant, nonproliferative state. Alternatively, these cells may be similar to a population of subependymal cells in the dorsolateral region of the lateral ventricle thai. proliferates in the adult mouse, although the fate of halfofthe progeny is death (14) . Neurogenesis in the mouse striatum is complete after the first few postnatal days (15 Both recurrent and tonic inhibition are known to be directed to the LG neuron itself and thus might be produced by the same inhibitory neurons. However, a consideration of the way excitation and inhibition interact suggests that proximal inhibition best confers the absolute suppression required for recurrent inhibition, whereas distal inhibition can more readily be overcome by strong excitation, as required for tonic inhibition.
The reason is illustrated in Fig. 1 , which shows predictions from a steady-state, twocompartment model of LG (equivalent circuit insets). Attenuation of EPSPs from distal to proximal compartment was by a factor of 10, consistent with known physiology and anatomy. The top curve in Fig. 1 , Al and A2, shows the depolarization produced by excitation in the absence of inhibition. Depolarization increases with increasing excitation until the EPSP at its distal origin approaches the excitatory synaptic reversal potential and saturates. Thus, the curve plateaus.
Proximal inhibition decreases EPSP amplitude by a nearly constant factor independent of the amount of excitation (Fig. 1, Al and Bi). Thus, if the inhibitory strength were sufficient to reduce the plateau of the curve in Fig. 1 , Al, below the critical firing level of the proximal compartment (for example, the dashed line), then no amount of additional excitation would fire the cell. In other words, the inhibition would be absolute, as required for recurrent inhibition.
Distal inhibition behaves differently. Because it reduces EPSPs in the distal compartment itself, it tends to counter the excitatory saturation, allowing excitatory levels that in the uninhibited situation would produce no further potential change to do so, until the inhibition is overcome and excitation again saturates. Thus, any amount of distal inhibition can be overcome by further excitation, as reflected in Fig. 1, A2 , by the fact that all curves crossed the critical firing level with strong enough excitation. Consequently, distal inhibition can be overridden, as required for tonic inhibition. We refer to the different functional properties of inhibition conferred by proximal and distal synapses as "absoluteness" and "relativity," respectively.
These arguments imply that recurrent inhibition of LG should operate proximally, whereas tonic inhibition should be distal. Is this the case? To evaluate this, we compared the conductance increases produced by recurrent and tonic inhibition in the proximal dendrites of LG ( Fig. 2A) . If the hypothesis is correct, the proximal conductance increase associated with recurrent inhibition should be much greater than that associated with comparable amounts of tonic inhibition.
Recurrent inhibition was produced by firing the medial giant neurons, which cause an escape response without LG neuron involvement (5); inhibition was measured near its maximum, about 10 ms after medial giant firing (3) (Fig. 2, B1 ). We measured recurrent inhibition in the absence of tonic inhibition by isolating the abdominal ner-
